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NATIONAL ACADEMY OF SCIENCES—
NATIONAL RESEARCH COUNCIL

The National Academy of Sciences—National Research Council is a private,
nonprofit organization of scientists, dedicated to the furtherance of science and to its
use for the general welfare.

The Academy itself was established in 1863 under a Congressional charter signed
by President Lincoln. Empowered to provide for all activities appropriate to academies
of science, it was also required by its charter to act as an adviser to the Federa!
Government in scientific matters, This provision accounts for the close ties that have
always existed between the Acadcmy and the Government, although the Academy is
not & governmental agency.

The National Research Council was established by the Academy in 1916, at the
request of President Wilson, to enable scientists generally to associate their efforts
with those of the limited membership of the Academy in service to the nation, to
society, and to science at home and abroad. Members of the National Research Council
receive their appointments from the President of the Academy. They include repre.
sentatives nominated by the major scientific and technical societies, representatives of
the Federal Government, and a number of members-at-large. In addition, several
thousand scientists and engineers take part in the activities of the Research Council
through membership on its various boards and committees.

Receiving funds from both public and private sources, by contributions, grant, or
contract, the Academy and its Research Council thus work to stimulate research and
its applications, to survey the broad possibilities of science, to promote effective utiliza-
tion of the scientific and technical resources of the country, lo serve the Government,
and to further the general interests of science.

MATERIALS ADVISORY BOARD

The Materials Advisory Board is n part of the Division of Engincoring and
Industrial Research of the Academy-Research Council. It was organized in 1951 under
the name of the Mctallurgical Advisory Board, with assignments from the then existing
Research and Development Board of the Department of Defense, At that time, the
Research and Development Board requested the Bourd to acceept tasks covering a broad
spectrum of metallurgical science and tee’ oy as related to the Armed Serviees, and
to include certain other areas such as colleetion and dissemination of information, and
cooperation with professional societies in publication of significant metallurgical data,

Since the organization date, the above scope has heen expanded to include organic
and inurganic nonmetallic materials, and the name has been changed to the Materials
Advisory Board. Concurrently, the Board's membership, stadl. and operations have
been adjusted to encompass the greater diversity of materials and to concentrate on
materias research and development, excluding other activities except to the extent that
they support and strenpgthen the Board's fulfillment of its primary responsibility,

The Otfice of the Ttireetor of Defense Research and Engineering, Oftice of the
Secretary of Defense, is the government ageney which now requests specitie consulting
and advizory serviees umder this broadened program. Under a contract hetween the
Office of the Seeretary of Defense and the Nutional Academy of Sciences, the Board's
assignment is:

*Losat the written request of the Direetor of Defense Reseavely and Engincering,

or hiz desipnated vepresentative, to conduet studics, surveys, make eritical analyses,

and prepare and furnish to the Director of Defense Researeh and Enginecring
advizory and teehnical reports, with respeet to the entire field of materials rescarch,
including the plannime phases thereof; and shall, in addition, perform such other
services as may be agreed upon in weiting, from time to time, by the Director of

Defense Rescarch and Engineoring and the Presidont of the Contractor,

“Task assienmentz under this contract will he as mutually agreed Hy the
Dirvector of Defense Rescarch aond Fagineerioge o his designated representative and
the Conteie ters B eomniendations for tasks muy be proposed to the Ditector of
Defense Rosearch ol Fngineering by agencies of the Military Departments, the

Otfiec W the Sogvnay 0 I Dis L i the Caitiacton




NATIONAL ACADEMY OF SCIENCES
NATIONAL RESEARCH COUNCIL

MATERIALS ADVISORY BOARD
O THE
DIVISION OF ENGINEERING AND INDUSTRIAL RESEARCH

December 1, 1962

OFFICES:

MAILING ADDRESS: 1185 Torn wrmven, o,

2101 TONSTITULION AVEUE, N.W.
Wasuixgron 25, D. C,

Dear Sir:

1 am forwarding herewith a report entitled "Status
of Refractory Metals Sheet Rolling Panel," which has been
submitted through the National Academy of Sciences-National
Research Council to the Director of Defense Research and
Engineering. This report has been reviewed by the Refrac-
tory Metals Sheet Rolling Panel and by individual members of
the Materials Advisory Board who have competence in the field.

In accordance with an agreement with the Office of
the Director of Defense Research and Engineering, this report
is being distributed on the same date it is being transmitted
to the Department of Defense, Therefore, as of this date, it
has not been reviewed by the Office of the Director of Defense
Research and Engineering.

Very truly yours,

CoMan X

C. S. Marvel, Chairman
Materials Advisory Board

Enclosure
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No Portion of this Report may be Published
without Prior Approval of the Contracting
Agency.

This Report Prepared and Submitted to the
Office of the Director of Defense Research
and Engineering under ARPA Contract SD~118,
Between the Department of Defense and the
National Academy of Sciences.




REFRACTORY METALS SHEET ROLLING PANEL ACTIVITIES

October 15, 1962

It is the purpose of thic report to describe the functions and
current status (as of August 1962) of the activities of the Materials Ad-
visory Board Refractory Metals Sheet Rolling Panel, For this discussion,
the term "refractory" metals includes molybdenum, columbium, tantalum, and
tungsten. An earlier report of this kind (dated May 1961) has been issued.
Because of the importance of refractory metals in the defense effort, and
the impact of this program on the metals industry, it seemed desirable to
bring the earlier account up to date. The objectives remain unchanged,
but there is now considerable progress to report.

With operating temperatures above 1900 F, and with stresses above
15,000 psi, it is probable that refractory metals will be required and it
i{s almost a certainty at temperatures of 2200 F and above, regardless of
stress levels. An alternative approach is cooling, but usually a severe
penalty is paid, and often an impossible penalty in weight and complexity.
Those applications for which graphite, ceramics, or ablating plastics have
proven to be suitaﬁle are quite limited. The initial requirements for
refractory materials a few years ago were for advanced propulsion devices
for aircraft - the ramjet and the turbojet., Now they are vequired in the
nozzles of the solid and liquid propelled rocket and, with the advent of
the space age, they are essential in some re-entry vehicles, apace power
systems, and perhaps in the nuclear rocket. Many of the requirements in-

volve sheet. Certainly sheet has been required for structures in the ramjet,
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and sheet is now required for the surfaces of re-entry glide vehicles and
components of space power systems,

The program was crcated because of the need to accelerate efforts
to achieve high-quality, consistent sheet products from refractory metals
and their alloys. Only six years ago, essentially no research had been
conducted on alloys of columbium, tantalum, or tungsten for use as structural
materials at high temperatures. Only molybdenum had been studied for this
purpose to any degree. Some of the important shortcomings of alloys available
when the program started were:

1. Inconsistent properties within a sheet and from sheet to sheet.

2. Poor surface quality and flatness.

3. Tendency to delaminate.

4, High and variable ductile-brittle transition temperature.

5. Lack of availability in large sizes and thin gages.

It was clear that government sponsorship of this development was
necessary for several reasons. First, the potential market for refractory
metal sheet products would probalbly not be large enough to make such an
expensive private development profitable. The days when each vehicle was
purchascd in large quantities, thus guaranteeing a stable market for a long
period of time, are evidently gone, probably forever. Most military or space
vehicles will be purchased in quantities of less than one hundred; more prob-
ably, a tenth of that figure. Also, it cannot be stated in advance that only
onc, or even only two, of the refractory metals will be required. Each may

find its place, and thus we may find that at least onc, and in some cases,
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several, of each system may be needed. Thus, several alloys may be required,
but no one in sufficient amounts to justify extensive private sponsorship.
Most important, technology must be developed at an accelerated rate to meet
defense requirements.

Government sponsorship has the concomitant requirement that all
of the information developed be published, to insure that the information
developed is available to all who may have a legitimate requirement for it.
This is tremendously important. All processing data that can be written down
to permit other organizations to duplicate the product will be released, so
that others can have a clearly defined base from which to initiate their own
developments.

The Department of Defense initiated a Refractory Metals Shecet
Program in June of 1959. The Navy Bureau of Naval Wwapons manages the
contract phases of many of the programs. The Manufacturing Technology Labo-
ratories of the Air Force is also participating. The Materials Advisory
Board was requested by DOD to form an Advisory Panel to assist in the techni-
cal aspects of the program, The organization is shown diagrammatically in
Figure 1.

From the beginning, it has been fairly well accepted that the re-
fractory sheet program for each material will be divided into phases as
follows;

PHASE 1 (a) Development of optimum production techniques,

and production of sheet under controlled condi~

tions to establish uniformity and quality.
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(b) Production of quantity required for Phase II,
I11, and IV.

Phase II Establishment of Preliminary Design Data.

Phase III Establishment of standards and procedures for evalua-
tion of the sheet, establishment of forming and join-
ing limits and procedures, tests of fabricated struc-
tural elements, and finally, if necessary, the design
and evaluation of prototype aerospace vehicle or power
plant components.

Phase 1V Determination of all Required Design Data.

The panel has found it necessary to form several subpanels or ad hoc
working groups to carry out its responsibilities, and thus an understanding
of the activity can best be obtained by referring to the following list of
subpanels:

Alloy Requirements and Selection

Chemical Analysis

Coatings

Conasolidation and Processing

Joining

Phase 111l (Fabricability Evaluation)

Quality Specifications

Testing Standards

The first problem has been to decide which alloys should be in the
program by determining the requirements for the refractory metal sheet, and
then by selecting the metals and ailoys that might meet these requirements.

This has been the responsibility of the Subpanel on Alloy Requirements and

Scelection. They have surveyed the need for refractory metals by consulting
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many of the consumers. They have also conducted a preliminary state-of-the~
art survey to learn what alloys of refractory metals have been developed in
this country. Based upon these surveys, they decided it was best to set
target properties for several specific classes of alloys, as follows:

Fabricable Molybdenum
High-Strength Molybdenum

Fabricable Columbium

Unalloyed or Dilute Tungsten
High-Strength Tungsten

Tantalum

A "high strength columbium" category was initially included, but
with rapid advances in the state of the art, it evolved that alloys were
available which met the strength targets of the high-strength class and
simultaneously satisfied the ductility targets of the fabricable class. The
high-strength class was then dropped as unneeded.

The desire 18 to accelerate the industrial availability of alloys
which have achieved a minimum developmental status, and have desirable proper-
ties; therefore, the following ground rules were established:

The following minimum billet or sheet sizes were to be produced in
order to qualify for these classes:

1. Pilot Development Status

Ingots or billets: 2-inch minimum section
Sheet: 6 x 20-inch minimum size

2. Preproduction Development Status

Ingots or billets: 6-inch minimum section
Sheet: 18 x 48-inch minimum size
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To insure that refractory metal alloy candidates are capable of being
produced in a preproduction or production development type of contract, a
demonstration of potential producibility is considered necessary. Since re-
fractory metal alloys are, in some cases, not highly advanced, pilot develop-
ment as well as preproduction development status is recognized. In order to
consider the possibility of electron-beam melting columbium or tantalum alloys, 5-
inch section ingots and 12 x 36-inch sheets may be taken as corresponding to
preproduction status. In tungsten, sheets of 6 x 20-inch may be taken as
corresponding to preproduction as well as pilot status. Sheet gages may be
0.010-inch to 0,100-iuch., Although disclosure of composition is not mandatory
during presentation of an alloy candidate, disclosure must be made if the alloy
is selected.

In response to the desire to have a uniform basis for comparison,
an evaluation group was established at the Army Materials Research Agency
at Watertown. In addition, in special cases, the Defense Metals Information
Center at Battelle Memorial Institute provides a uniform evaluation of weld-
ability. 1In both cases, only alloys designated by the Alloy Requirements
and Selection Subpanel are tested, and tests are made to confirm producers'
claims before contracts are awarded.

An iwmportant accomplishment of the Alloy Requirements and Applica-
tions Subpanel is the preparation of a table of target properties. This
table (Table I) provides a guide to the developers of alloys and a basis of
comparison when a selection of an alloy for further development must be made.
There are two classes of molybdenum alloys: fabricable and high strength.

The significant differcnce appears in the strength and ductility requirements.




“(6z 4 0941 Lawewr WIIST WISV B6) SRIPEX 4I3eE .100°0
we3 seey ‘gidep ¥I308 TN-Of ‘wesioeds Jseye pegicu~-sdpe Kigv (v)

‘seTIzedazd POIBOTINT W1 PIOTL

o3 IINIIWIAEEE oN3 Lq pEIJTONEs SEOTIPUDT BSeNl as

poqsn) 2q ol &

LrcepEal mOTIVETEF

SPPERT1113E ofy WITA wIWelaedxy

L m1qvIve)

WOTIVCTERTRO) P SORTIS(IER BOYINPTNO
se13a8doxy deexs

"ISTEER YIOGS TeMINYy

£33212807Y 70 WTTPON

L3parsevey

Juyag fariven

43peusq

‘ROACTION VI3

o
-~

g
(dooc) 1

(STI® pusq 03 SSI8a8GBI1 PIWA) PEPTOR
1vIsm sswy
(-dweg wooy) £37113900 pose

L]
L2 pt
o0e+

l
Ldawp *30edmi
qacoms
pegdI0m ‘BTyeER)
1y Tatpusq 93
(mot3tpucy 340 CI) -dmml Botl)jsceAl

(4 00%) 01

{¥) 03382 - &3tajipenes gIloM

-8-

1 ‘-dmr
Ll
‘9qo "3sw £q 10¢ (RoITPUSd
©3d0 UT) DOTINSTIIVINLIINN

or t o1 1

-axy ‘say]-srnidoy
4 '-dmmy
1e
(-SuoTz puw swalig #w3g) sanidog-Ssead

.
st 0
oS st

Joniteco wemtido eleaSoTiTRes) =Tl o s

-

‘3ua3 red ‘-Suoyy
1o 190730 "0 ‘wiless s preNL
3Iox ‘qisusiag SITsUR] S3IWWIITN
4 °duey

atyses]l ‘dme]l peivasyl

s
-

ot ot
.

>
»

080 z0d *-Smory

oy ..-.umol.n.o ‘qafusaag prell

I ‘Qifueiig erisUa] *IMMIIIN
sYyswa] -dwel moaoy

"3skroey  WTITPGO)
* 1dmay wwiado w1

——paLyon
stewItaeed




o P

The high-strength alloy is to have, at 2400 F, about the same strength as

the fabricable alloy at 2000 F. As should be expected, this is paid for in
part by a lower requirement for ductility. In addition to forming a basis
for the selection of alloys already developed, such tables provide the pro-
ducers a list of specific properties for which they should test their experi-
ﬁental alloys, and a specific objective for levels of properties.

The targets were submitted to the industry, and candidate alloys
were screened. To date, two molybdenum alloys, both of the fabricable type,
five columbium alloys, and one tantalum alloy have been selected, and sheet
rolling programs on unalloyed tungsten by the powder process, by arc melting,
and by shear forming are also included., Only the high-strength molybdenum
and tungsten classes still await selection and contracting.

After the subpanel has determined target properties, reviewed the
data presented on alloys developed by industry, and recommended those few
for scaling up, it passes these conclusions to the full panel for their en-
dorsement. At this point the military agencies take over. Provided there
are no problems of policy or fund availability, bids are solicited relating
to scaling up the designated alloys. It might be expected that the organiza-
tion which developed the alloy would be in a preferred position, but there is
normally considerable competition for the resulting contracts. The invita=-.
tion to bid describes the process to be employed, the amount of metal to be
processed, the size of product desired, etc. Most contracts are written with
sufficient flexibility to permit the direction of work to be altered as the

early results dictate.
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The requirements for refractory metals change rather rapidly;
therefore, the Subpanel on Alloy Requirements and Selection is continuing
its review by meeting with producers of military hardware.

Consolidation and processing are the heart of the first phase of
the program. A subpanel with that name has reviewed the problem broadly,
looking separately at the problems of consolidation, hot working, and cold
working. Specific research and development projects were outlined which
could lead to improvements in quality, recovery, and cost. The discussion
and conclusions are reported in MAB-179-M.

The three subpanels, Quality Specifications, Standardization of
Test Methods, and Chemical Analysis, are of a slightly different character.
Their functions relate more specifically to the activities of the contractors.
First, when the contractor produces a sheet material in the program, it is
necessary that someone tell him what quality of sheet will be accepted.

This is the job of the Quality Sprzcifications Subpanel. In a way it acts
very much like the user. After weighing the difficulties of production
against the requirements of the users, they have defined the winimum accept-
able tensile strength, ductility, stress-rupture strength, recrystallization
temperature, ete. In addition, the group specified acceptable thickness
tolerance, flatness or waviness, and variations of properties within sheets
and from sheet to sheet, and established a "formula" for sampling sheets to
obtain the number and location of test specimens. This subpanel, in effect,
states when the sheet has met the objectives of Phase I of the program, that

is, when the sheet production method is satisfactory and in control, and ready
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for Phases II, III and IV, The subpanel, of course, contains representation
from the aeronautics and space industries who are the ultimate consumers, as
well as individuals familiar with production capabilities.

The title of the subpanel, Standardization of Test Methods, is al-
most self descriptive. Throughout the program many tests are used to qualify
a candidate alloy for the program and to determine whether the material pro-
duced in the program passes the qualifications tests. This group decides
exactly how each of the tests is to be run. A survey was conducted that was
intended to obtain specific recommendations from those experienced in this
type of testing, and, based on this information, recommended standards have
been prepared. The subpanel, of course, has reviewed and included the methods
proposed by ASTM and the Titanium Sheet Rolling Program where applicable,

Report MAB-176-M describes the standardized tensile (room tempera-
ture and elevated temperature), stress rupture and creep, notched tensile,
bend transition, and recrystallization tests. Work is continuing on defining
other tests, particularly those which will be used in the data-collection
under Phase II and Phase IV contracts, on which the properties desired by
designers will be determined.

The third subpanel cf this group is concerned with Chemical Analysis,
and called Analytical Techniques. It is well known that analysis of the re-
fractory metals is a difficult problem, particularly for the interstitials
where, in some cases, we are now interested in quantities of less than 10 ppm.
This supposition was confirmed through the results of a questionnaire, re-

ported in MAB-178-M. This subpanel has been surveying present anaiytical
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methods to insure that the contractors are able to provide correct analysis.
They have recommended a '"round robin" - at least among the contractors, and
which may include many others active in refractory metals in this country,
to insure reproducibility of techniques. For such a "round robin' to be
meaningful, the analyses made by the various laboratories must be made on
specimens which are, in fact, of the same composition. Therefore, this sub-
panel has recommended the preparation of ‘''reference material (homogeneous
alloys of the appropriate nominal analysis, but whose precise composition
may be uncertain) to be used for the "round robin" after suitable qualifica-
tion. The ground rules for such an interlaboratory comparison were spelled
out by the subpanel, and they will monitor the activity when the reference
material becomes available. This subpanel also comprises members who are
well aware of all similar activities in this country, such as those within
ASTM.

The first objective in each of these three subpanels is to insure
achievement of objectives of the Refractory Sheet Program, but certainly
their results will be helpful to a broad gegment of the industry as well.

Three other subpanels are again of a somewhat different nature.
The program is designed to achieve high-quality, consistent, flat-rolled
sheet products of certain refractory metals and their alloys. Nothing is
said in this objective gbout coating and joining, and otherwise building
the metal into a structure, but it is clear that in many applications the
sheet must be coated, primarily to resist air ettack, and in almost all ap-

plications it must be joined in some way. It would be tragic¢ to produce
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high-quality sheet whose use is limited because the coating, joining, and
fabrication problems are unsolved. Therefore, subpanels on joining, coating
and Phase III (Evaluation) were created.

The Joining Subpanel spelled out the types of fastening (with em-
phasis on TIG and EB welding) most promising for use with refractory metals.
General recommendations are included in report LAB-171-M.

The protective coating problem is one of the most critical of all
those relating to the use of refractory metal coatings. The scope of the
problem was delineated through use of a comprehensive questionnaire. Results
of this inquiry are reported in MAB-181-M. To permit the scaling up of
promising coatings, a selection from numerous candidates must be made. Cri-
terie for such a selection were evonlved, and standardized tests (to permit
inter-comparison) are being defined. The next step will be to solicit the
properties of candidate coatings, meke selections, and recommend that the
Services award contracts for scaling up the chosen systems,

The Phase II1 (Fsbricability Evaluation) Subpanel was set up to
help inaugurate a new aspect of the over-all program. Phase I was intended
to supply uniform, high quality metal, The real utility of this metal can
only be demonstrated by establishing the range of conditions under which the
alloys can be fabricated, and possibly by actually constructing some proto-
types. The comsistency of the 'production" material will also be determined
by making small runs of parts and measuring variations in springback, crack-
ing, etc. The Phase III Subpanel has helped the Bureau of Aeronautics plan
such a program for molybdenum and tungsten and will lay out similar programs

{or the other alloy bases.
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In each of these subpanels, the first task has been to review the
current "state of the art', and then to correlate these results with the
program. A product of the subpanel activities will be recommendations for
support of additional research. These research recommendations will be quite
specific because they will be based upon the needs of a coordinated develop-
ment activity.

The main panel coordinates all the above activities and regularly
reviews contractor programs, acting as a technical advisory or consultant
group for each, They are assisted in planning the agenda (especially decid-
ing those contracts which should be reviewed) by a Stcering Committee.

There are a very large number of contracts with the Services which
relate in some way to refractory metal sheet. Of these, the contract officers
have selected a very small number relating directly to sheet rolling to put
before the panel. Some contracts have been reviewed by the panel at an early
stage, but as work has proceeded which indicates that additional research is
required before development can be initiated, cognizance by the panel has been
dropped, at least temporarily. Although it may be impractical for the panel
to monitor all the Services' contracts which are clearly devoted to refractory
metal sheet rolling, it endeavors, as a minimum, to be kept informed promptly
in appreciable detail. There is, of course, an obligation to avoid uninten-
tional duplication. The task of keeping informed has been made much easier
under agreements with the Defense Metals Information Center at Battelle
Memorial Institute, which supplies summaries of work in progress. Two im-

portant summaries are listed in the bibliography at the end of this report,
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The contracts currently of most interest to the panel are shown in
Figure 2. The additional contracts which will be let will be in the areas oi
rabricability evaluation (proposals will soon be solicited for the evaluation of
tungsten sheet), and probably also the determination of design properties of the

sheet produced under the contract shown.
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Figure 2
SHEET ROLLING PROJECTS

October 15, 1962
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DU PONT (ASD)
Foil

Tantalum Sheet
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Manufacturing Methods
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Molybdenum Sheet Tungsten Sheet
UNIVERSAL CYCLOPS (BuWeps) FANSTEEL (BuWeps)
Arc Melted Alloy Manufacturing Methods
TZM and %%Ti Undoped Sintered Tungsten
MC DONNELL AIRCRAFT CO, (BuWeps) WAH CHANG

Fabrication Evaluation

TZM and A%Ti

Sheet by Shear Forming
(Bulleps and ASD)

UNIVERSAL CYCLOPS (ASD)
Arc Melted Metal

DU PONT (ASD)
Foil




MAB-171-M

MAB-172-M

MAB-176-M

MAB-178-M

MAB-179-M

MAB-181-M

MAB-184-M

MAB-164~-M

DMIC Report
16l

DMIC Report
176
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ADDENDUM

MATERIALS ADVISORY BOARD REPORTS RELATED TO THE

REFRACTORY METALS SHEET ROLLING PROGRAM

JOINING OF REFRACTORY SHEET METALS March 20, 1961

REPORT ON REFRACTORY METALS SHEET ROLLING May 22, 1961

PANEL ACTIVITIES

EVALUATION TEST METHODS FOR REFRACTORY Sept. 6, 1961

METAL SHEET MATERIALS

REPORT OF THE SUBPANEL ON ANALYTICAL Nov. 15, 1961

TECHNIQUES - REFRACTORY METALS SHEET
ROLLING PANEL

REPORT OF THE SUBPANEL ON CONSOLIDATION Dec. 1, 1961

AND FABRICATION -~ REFRACTORY METALS SHEET
ROLLING PANEL

REPORT OF THE SUBPANEL ON COATINGS June 1, 1962
REFRACTORY METALS SHEET ROLLING PANEL

REPORT OF THE SUBFANEL ON QUALITY June 8, 1962
SPECIFICATIONS

(1 through 11) QUARTERLY PROGRESS REPORTS

OF THE REFRACTORY METALS SHEET ROLLING PANEL
(Distributed only to panel members and certain
contractors and government agencies)

OTHER PERTINENT REPORTS

STATUS REPORT NO. 1 ON DEPARTMENT OF Nov.

DEFENSE REFRACTORY METALS SHEET ROLLING
PRCGRAM

STATUS REPORT NO. 2 ON DEPARTMENT OF Oct.

DEFENSE REFRACTORY METALS SHEET ROLLING
PROGRAM

2, 1961

15, 1962
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REFRACTORY METALS SHEET ROLLING PANCL

Chairman: Mr. G. Mervin Ault, Asoistaont Chief
Matericls & Structure Division
Lewis Research Center
National Acronautics & Space Administration
21000 Brookpark Road
Cleveland 35, Ohio

MAB Staff Metallurgist:

Members

Dr. Robert I. Jaffece
Asgoclate Manager
Departmant of Metallurgy
Battelle Memorial Institute
505 King Avenue

Columbus 1, Ohio

Mr, Louis P. Jahnka
Manager, Metallurgical Engineering
Applied Research Operations

Flight Propulsion Lab. Dept.
Genaral Electric Company
Cincinnati 15, Ohio

Mr. Alan V. Lavy

Manager , Nozzle

Component & Project Support
Solid Rocket Plent

Aero jet General Corporation
Sacremento, California

Mr. Roger A. Perkins

Metallurgy and Ceramics Research
Lockhesd Aireraft Corporation
Missile and Space Division

3251 Hanover Street

Palo Alto, California

September 25, 1962

Dr. Josaph R. Lane

Mr. L. M. Roring, Chief

Metallurgical & Chemical Laboratorias

Pratt & Whitney Aircraft

Connecticut Aircraft Nuclear Engine
Loboratory

Box 611

Middletown, Comnecticut

Dr, William Rostoker
Assistant Manager

Metals Research Department
Armour Research Foundation
Technology Center

Chicago 16, Illinois

Dr. L, L. Seigle

Manager, Metallurgical Laboratory

General Teleplione & Electronics
Laboratories, Inc,

P. 0. Box 59

Bayside, New York

Mr. John T. Stacy
Senior Group Engineer
Boeing Airplane Company
Aero~Space Division
P.O. Box 3707

Seattle 24, Washington




DOD

ASD

Army

Bulieps

AEC

«19a

Liaison Representatives

Mr. John C. Darrett, Office of the Director of Defanse
Research & Engineering, The Pentagon, Washingtom 25, D.C.

Mr. T. D. Cooper, Chief, High Temperature Metals Section
Physical Metallurgy Branch, Matevials & Ceramics Laboratory
Wright-Patterson Air Force Base, Ohio

Mr. George Glenn, Senior Project Engineer, Manufacturing
Techn. Lab., Basic Industry Branch, ASRCID, Wright-
Patterson Alr Force Base, Ohio

Mr. I. Perlmutter, ASRCMP, Chief, Phyasical Metallurgy Branch,
Metals & Ceramics Laboratory, Wright-Patterson Afir Force
Base, Ohio.

Mr. 8. V, Arnold, Associate Director, Watertown Arsenal
Laboratories, liatertown Arsenal, Vatertown, Massachusetts

Mr. J. Maltz, Materials Division, RRMA, Bureau of Naval
Weapona, Department of the Navy, Washington 25, D.C.

Mr. N. E. Promisel, Chief Materials Engineer, RRMA,
Bureau of Naval Vleapons, Department of the Navy,
Washington 25, D.C.

Mr. 5. 8. Christopher, Atomic Energy Commission
Washington 25, D.C.
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STEERING CUMMITTEE

REFRACTORY METALS SHEET ROLLING PANEL

MATERIALS ADVISORY BOARD

Chairman: Mr. G.M. Ault, Assistant Chief
Materials & Structure Division
Lewis Research Center
National Aeronautics & Space Administration
21000 Brookpark Road
Cleveland 35, Ohio

Members: Dr. Robert I. Jaffee
Technical Manager
Department of Metallurgy
Battelle Memorial Institute
505 King Avenue
Columbus 1, Ohio

Mr. Louis P. Jahnke

Manager, Metallurgical Engineering
Applied Research Operations

Flight Propulsion Lab. Dept.
General Electric Company
Cincinnati 15, Ohio

Liaison: Mr. George Glenn
Senior Project Engineer
Mfg. Tech. Lab., ASRCTB
Basic Industry Branch
Aeronautical Systems Division
Wright-Patterson Air Force Base, Ohio

Mr. J. Maltz

Materials Division
RRMA

Department of the Navy
Washington 25, D.C.

MAB Staff: Dr. Joseph R. Lane, Staff Metallurgist

5/62
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REFRACTORY METALS SHEET ROLLING PANEL

SUBPANEL ON ALLOY REQUIREMENTS AND SELECTION

Chairman: Dr. Robert 1. Jaffee
Technical Manager
Department of Metallurgy
Battelle Memorial Institute
505 King Avenue-
Columbus 1, Ohio

Members: Mr. G. Mervin Auylt, Assistant Chief
Materials & Structure Division
Levis Research Center
National Aeronautics & Space Administration
21000 Brookpark Road
Cleveland 35, Ohio

Mr. Alan V., Levy, Department Head
Materials R & D Department (4610)
$olid Rocket Plant

Aerojet General Corp.

Sacramento, California

Liaison: Mr. S.V. Arnold
Associate Director
Watertown Arsenal Laboratories
Watertown Arsenal
tlatertown 72, Massachusetts

Mr. Joseph Maltz
Materials Division, RRMA
Bureau of Weapons
Department of the Navy
Washington 25, D.C,

Mr. 1. Perlmutter

Chief, Physical Metallurgy Branch, ASRCMP
Metals and Ceramics Laboratory
Directorate of Materials & Processes
Aeronautical Systems Division
Wright-Patterson AF Base, Ohio

5/62
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REFRACTORY METALS SHEET ROLLING PANEL

SUBPANEL ON ANALYSIS METHODS

Chairman: Dr. L.L. Seigle, Manager
Metallurgical Laboratory
General Telephone & Electronics Labs., Inc.
P.0. Box 59
Bayside, New York

Members
Dr. Velmer A. Fassel Mr. Theodore D. McKinley
Institute for Atomic Research Research Supervisor
Iowa State College E.I. duPont de Nemours & Company, Inc.
Ames, Iowa Pigments Department
Experimental Station
Mr. Villiam F. Harris Wilmington 98, Delaware
| Technology Department
| Westinghouse Electric Company
| Research Laboratories Mr. B.F. Scribner, Chief
Beulah Road, Churchill Boro. Spectrochemistry Section
Pittsburgh 35, Pennsylvania Chemistry Division
National Bureau of Standards
Dr. Manley /., Mallett Washington 25, D.C,

Consultant, Thermal Chemistry Group
Rattelle Memorial Institute

505 King Avenue

Columbus 1, Ohio

Liaison
Aix Force: Mr. Charles Houston Army: Mr. Sam Vigo
Materials Laboratory Chemical Metallurgy Laboratory
Wright-Patterson Air Watertown Arsenal
Force Base, Ohio Jatertown, Mass.

Navy: Mr. I. Machlin
Bureau of Naval Veapons
Department of the Navy
Hashington 25, D.C.

5/62
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SUBPANEL ON COATING

Refractory Metals Sheet Rolling Pancl

Chairman: Mr. James J. Gangler
Materials Research Division
Nactional Aeronautics & Space Admin.
1512 H Street, N.W.
washington 25, D.C.

Members
Mr. C. A. Krier Mr. M, Kushner, Chief
The Boeing Company Dyna Soar Materials & Processes Unit
P. 0. Box 3707 Aero Space Division
Seattle 24, Washington The Boeing Company
P. 0, Box 3707
Seattle 24, Washington
Liajison
Mr. L. N, Hjelm Mr. I. Machlin
Aeronautical Systems Division Bureau of Naval Weapons
(ASRCEE-1) Department of the Navy
Wright-Patterson AFB, Ohio Washington 25, D.C.

Mr. Oscar O. Srp

Code ASRCMP-3

Chief, Electrochemical Section
Metals & Ceramics Laboratory
Directorate of Materials & Processes
Aeronautical Systems Division
Wright-Patterson AFB, Ohio
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SUBPANEL ON CONSOLIDATION AND PROCESSING

of the

REFRACTORY METALS SHEET ROLLING PANEL

Chairman: Dr. William Rostoker
Assistant Manager
Metals Research Department
Armour Research Foundation
Technology Center
Chicago, Illinois

Members

Dr. Walter A. Backofen Dr. Morris E. Fine, Chairman

Associate Professor - Metallurgy Materials Research Center

Masgsachusetts Institute of Technology The Technological Institute

Cambridge 39, Massachusetts Northwestern University
Evanston, Illinois

Mr. Robert A. Beall

Project Ccordinator Dr. Henry H. Hausner

Melting Laboratory, Regionl 730 Fifth Avcnue

U.S. Department of the Interior New Yorlk 19, New York

Bureau of Mines

P.0. Box 492 Dr. N.H. Polakowski

Albany, Oregon Professor of Metallurgical

Engineering
Illinois Institute of Technology
Chicago, Illinois




Chairman:

Members:
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SUBPANEL ON JOINING

Refractory Metals Sheet Rolling Panel

Dr. William Rostoker
Assistant Manager

Metals Research Department
Armour Research Foundation
Technology Center

10 West 35th Street
Chicago 16, Illinois

Mr. Alan F. Busto
Fansteel Metallurgical Corporation
North Chicago, Illinois

Mr, William N, Platte

Metals Joining Section
Metallurgy Department
Westinghouse Electric Corporation
Research Laboratories

Beulah Road, Churchill Boro.
Pittsburgh 35, Pennsylvania

Mr. Har.r Schwartzbart
Supervisor, Welding Research
Armour Research Foundation
Technology Center

10 West 35th Street

Chicago 16, Illinois
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SUBPANEL, ON QUALITY SPECIFICATIONS

of the

REFRACTORY METALS SHEET ROLLING PANEL

Chairman: Mr. John [. Stacy
Senior Group Engineer
DBoeing Airplane Company
Aero-Space Division
P. 0. Box 3707
Scattle 24, Washington

Memhers

Mr. S. E. Bramer, Head
Product & Process Development
Structural Materials Division
Acrojet General Corporation
Azusa, California

Mr. R. R. Freeman, Manager

Special Development

Refractory Metals Division

Climax Molybdenum Company of Mjichigan
1270 Avenue of the Americas

New York 20, New York

Mr. Basil T. Lanphier

Monager of Production Metallurgy
Carpenter Stecl Company

Reading, Pennsylvania

September 1962
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SUBPANEL ON STANDARDIZATION OF TEST METHODS

Refractory'ﬂetals Sheet Rolling Panel

Chairman: Mr. L. M. Raring, Chief
Metallurgical & Chemical Laboratories
Pratt & Whitney Aircraft Nuclear Engine Laboratory
P. 0. Box 611
Middletown, Connecticut

Members: Mr. Donald A. Douglas, Jr.
Supervisor, Metallurgy Division
Oak Ridge National Laboratory
Qak Ridge, Tennessee

Mr. Michael J. Manjoine
Astronuclear Laboratories
Westinghouse Electric Company
P. 0. Box 10864

Pittsburgh 36, Pennsylvania

Mr. Roger A. Perkins
Metallurgy & Ceramics Research
Lockheed Aircraft Corporation
Missile & Space Division

3251 Hanover Street

Palo Alto, California

November 1962




- 28 -

SUBPANEL FOR THE PHASE III PROGRAM

REFRACTORY METALS SHEET ROLLING PANEL

Chairman; Mr. Roger A. Perkins
Metallurgy & Ceramics Research
Lockheed Aircraft Corporation
Missile & Space Division
3251 Henover Street
Palo Alto, California

Mr. Donald A. Honebrink
Rescarch Engineer
Structures Technology Dept.
Aerospace Division

The Boeing Company

Seattle 24, Washington

Mr. Howard Siegel
Metallurgical Group Engineer
Department 272

McDonnell Aircraft Company
P.0. Box 516

St. Louis, Missouri

November 1962

Members

Mr. Edward D. Weisert

Principal Scientist

Dept. 591-355

Rocketdyne

Division of North Amcrican Aviation
Conoga Parl, California




